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Background. Many types of medical errors occur in and outside of hospitals, some of which have very serious consequences and
increase cost. Identifying errors is a critical step for managing and preventing them. In this study, we assessed the explicit reporting
of medical errors in the electronic record.
Method. We used ﬁve search terms ‘‘mistake,’’ ‘‘error,’’ ‘‘incorrect,’’ ‘‘inadvertent,’’ and ‘‘iatrogenic’’ to survey several sets of
narrative reports including discharge summaries, signout notes, and outpatient notes from 1991 to 2000. We manually reviewed all
the positive cases and identiﬁed them based on the reporting of physicians.
Result. We identiﬁed 222 explicitly reported medical errors. The positive predictive value varied with diﬀerent keywords. In
general, the positive predictive value for each keyword was low, ranging from 3.4 to 24.4%. Therapeutic-related errors were the most
common reported errors and these reported therapeutic-related errors were mainly medication errors.
Conclusion. Keyword searches combined with manual review indicated some medical errors that were reported in medical re-
cords. It had a low sensitivity and a moderate positive predictive value, which varied by search term. Physicians were most likely to
record errors in the Hospital Course and History of Present Illness sections of discharge summaries. The reported errors in medical
records covered a broad range and were related to several types of care providers as well as non-health care professionals.
 2003 Elsevier Inc. All rights reserved.1. Introduction
Medical errors are very common in US hospitals.
These errors result in higher cost, unnecessary suﬀering,
permanent injuries, and even death [2–4]. Studies esti-
mate that the number of preventable deaths is anywhere
from 44,000 to 98,000 annually in hospitals, which
constitutes approximately 3% of hospitalizations [1].
A critical step for managing and preventing these
errors is identifying them. As Zapt and Reason [5]
pointed out, if an error is not detected, it cannot be
managed. Various methods have been used for detecting
medical errors. Chart review by physicians for adverse
events is considered to be the gold standard; however it
is very costly, time consuming, and labor intensive.
Mandatory reporting systems and self-reporting systems
are also used. Unfortunately, the reporting rate is very
low. The New York State Health Departments man-* Corresponding author. Fax: 1-212-928-6262.
E-mail address: hui.cao@dbmi.columbia.edu (H. Cao).
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doi:10.1016/S1532-0464(03)00058-3datory event reporting program [6], for example, esti-
mated that only 16% of code 605 events (death with 48 h
of an operating room procedure) are being reported.
Berry et al. [7] found that in detecting adverse drug
events voluntary reporting had lower sensitivity than
screening of laboratory reports and pharmacist screen-
ing of medication orders. Jha et al. [8] reported that
voluntary reporting only detected 0.7% of adverse drug
events (ADEs), 0.4% of preventable ADEs, and 2.9% of
potential ADEs in a major academic medical center.
Other methods include automated rule systems that ﬂag
potential adverse events and expert systems. Designing
and implementing these computer systems remain
challenging, especially in detecting non-medication
errors.
The longitudinal computer-based patient record is a
repository of electronically maintained information
about an individuals lifetime health status and health
care. Some researchers [9,10,14–16] have attempted to
detect errors from electronic medical records (EMRs).
Einbinder and Scully [9] used a clinical data warehouse
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and costs of ADEs by applying published criteria for the
detection of ADEs. They estimated that ADEs occurred
at rate of 10.4–11.5 events per 100 admissions, more
frequently than the rate of 6.5 per 100 admissions
published in other studies. Honigman et al. [10] used
computerized searching methods, ICD-9 classiﬁcation
rules, allergy rules, computer event monitoring rules,
and an automated chart review using text searching of
the electronic medical record, to identify ADEs in out-
patients. The sensitivity and speciﬁcity of these search-
ing methods were reported to be 58 and 88%, and the
positive predictive value and negative predictive value
were 7.5 and 99.2%, respectively. Among their searching
methods, text-searching detected the highest number of
incidents and pointed to the largest number of ADEs.
They concluded that computerized searching methods
can detect ADEs and free-text searches were especially
useful. Bowman and Carlstedt created a computerized
inpatient ADE detection system using the Regenstrief
Medical Record System. Compared to the gold standard
of chart review, the detection system had 66% sensitiv-
ity, 61% speciﬁcity, and a positive predictive value of
34% [11]. Even though a lot of studies were done on
detecting medical adverse events and errors, few studies
have documented the way care providers actually talk
about adverse events or errors in the electronic medical
record.
At Columbia-Presbyterian Medical Center, we hy-
pothesize that the electronic medical record contains
much useful information relevant to patient safety re-
search. We aim at unlocking it from the electronic
medical record. We are investigating the use of auto-
mated techniques for detecting adverse medical events
contained in the electronic record, including narrative
reports such as discharge summaries, outpatient notes,
and cross-coverage notes. In this study, we assessed the
explicit reporting of medical errors in the electronic re-
cord. That is, rather than infer that a speciﬁc type of
error occurred, we looked for cases in which the pro-
vider explicitly stated that he or she or another provider
had committed an error. The advantage of the technique
is that it is not limited to a speciﬁc type of error. Our
goals were to: (1) measure the rate at which medical
errors were documented in medical records and (2)
characterize the types of errors that were identiﬁed.2. Methods
The clinical data repository at Columbia-Presbyter-
ian Medical Center contains over 10 years of clinical
data on two million patients. It has 328,900 narrative
discharge summaries since 1989, 49,500 outpatient notes
since 1996, and 295,000 cross-coverage notes (signout
notes) since 1994.We used a series of search terms including ‘‘mistake,’’
‘‘error,’’ ‘‘injury,’’ etc., to survey several sets of narrative
reports including operative reports, pathology reports,
resident signout notes, and outpatient notes. Appendix
A shows the list of search terms and their frequency in
these reports. We used these terms to survey a small
number of cases and according to their performances we
selected ﬁve terms in this study to survey in detail:
‘‘mistake,’’ ‘‘error,’’ ‘‘incorrect,’’ ‘‘inadvertent,’’ and
‘‘iatrogenic.’’ In the ﬁrst stage, discharge summaries
from 1991 to 2000, all signout notes and all outpatient
notes were screened by the ﬁve terms. A case was con-
sidered to be positive if one of search terms was detected
in it. In the second stage, one of the authors (HC)
manually reviewed all the positive cases and identiﬁed
the type of medical error based on manual review of the
notes. We adopt the following deﬁnition of a medical
error:
A medical error is the failure of a planned action to be
completed as intended or the use of wrong action to
achieve an aim [1].
During the manual review, we identiﬁed:
• Where (internal or external to our medical center) the
error happened
• When the error happened (before admission/visit, af-
ter admission/visit, or admission due to error)
• Who (provider or other persons) caused the error
• Which types of care providers caused the error, if re-
ported
• Whether the error caused an adverse outcome.
Finally, we grouped these errors into four main cat-
egories.
• Therapeutic-related: errors made during non-opera-
tive therapy.
• Diagnostic-related: errors made during the diagnostic
process including examinations for diagnosis.
• Service- or administration-related: errors caused by
service and administration.
• Operative-related: errors made during an operative
process.
We established separate sub-categories for therapeu-
tic-related errors, such as medication error and proce-
dure or technical-related error. We also established two
sub-categories, wrong diagnosis and examination-re-
lated errors for diagnostic-related errors. If an error was
related to more than one category, we grouped it ac-
cording to the root error.3. Results
Keyword searching for explicitly reported medical
errors identiﬁed suspected medical errors. Manual re-
view of the identiﬁed cases was used to characterize
whether a medical error was documented in medical
records.
Table 2
Dimensions of detected errors
When did the error happen
Before admission/visit 59 (24.4%)
After admission/visit 181 (74.8%)
Admission due to error 2 (0.8%)
Who made the error
Physicians 86 (35.5%)
Nurses 33 (13.6%)
Pharmacy 20 (8.3%)
Radiologists 10 (4.1%)
Services and administration 6 (2.8%)
Unknown 87 (34%)
Where did the error happen
Inside the institution
Self 8 (4.0%)
Others 77 (38.9%)
Unknown 113 (57.1%)
Total 198 (81.8%)
Outside the institution 29 (12%)
Unknown 15 (6.2%)
What was the outcome
With adverse outcome 100 (41.3%)
Without adverse outcome 140 (57.9%)
Near miss with recovery 2 (0.8%)
What type of error was it
Therapeutic-related
Medication
Wrong drug 37
Wrong dosage/frequency 55
Omission/delayed/fail to stop 16
Wrong procedure 1
Total 109
Procedure- or technical-related 22
Other 7
Total 138 (57%)
Diagnostic-related
Wrong diagnosis 16
Examination
Wrong report or interpretation of result 18
Procedure- or technical-related 16
Other 8
Total 58 (24%)
Operative-related 27 (11.1%)
Services- and administration-related 19 (7.9%)
Total 242
Table 1
Number of detected cases
Keyword Discharge summary (n¼ 286,000) Signout note (n¼ 48,000) Outpatient note (n¼ 49,500)
Cases Events PPV (%) Cases Events PPV (%) Cases Events PPV (%)
Mistake 462 48 10.39 11 4 36.36 56 9 16.07
Error 1570 53 3.38 37 4 10.81 76 1 1.32
Inadvertent 275 67 24.36 5 1 20.0 9 2 22.22
Incorrect 267 33 12.36 12 0 0 50 0 0
Iatrogenic 170 23 13.53 10 2 20.0 0 0 0
Total 2744 222a 8.09 75 11 14.67 191 9a 4.71
aNumber shown here is not the sum because one case can be detected by more than one term.
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summaries from 1991 to 2000, 9 medical errors in 48,000
outpatient notes, and 11 medical errors in 49,500 sign-
out notes. Table 1 lists the ﬁve keywords we used, the
number of cases detected and the number of true med-
ical errors identiﬁed, and the positive predictive value
for each keyword. The positive predictive value varied
for diﬀerent keywords. In general, the positive predictive
value for each keyword was low to moderate in dis-
charge summaries, ranging from 3.38 to 24.36%. The
overall positive predictive values of keyword searching
were 8.09, 14.67, and 4.71% in discharge summaries,
signout notes, and outpatient notes, respectively.
More than half of the errors happened after the ad-
mission/visit (Table 2). Most of errors happened inside
our institution among which very few events were self-
error reporting. Keyword searches detected a broad
range of errors, including medication, diagnosis, sur-
gery, service, and administration errors. Therapeutic-
related errors were the most common documented
errors. These therapeutic-related errors were mainly
medication errors. The medication errors almost cov-
ered all the four stages in the drug ordering-delivery
systems: (1) physician ordering, (2) transcription and
veriﬁcation, (3) pharmacy dispensing and delivery, and
(4) nurse and administration (Table 3). Among medi-
cation errors, ‘‘wrong dosage/frequency’’ and ‘‘wrong
drug’’ were the most common. The numbers of medi-
cation errors in each category are given in Table 2.
These errors were related to many kinds of care pro-
viders as well as non-health care professionals (Table 2).
Some of these errors, such as service mistakes, have
received little attention in the past.
We studied the breakdown of which sections of dis-
charge summaries contributed the most information.
We found that 15.38% of cases in which keywords were
found in the ‘‘Hospital Course’’ section were true posi-
tive and 8.29% of cases in which keywords were found in
the ‘‘History of Present Illness’’ section were true posi-
tive. None of the cases in which keywords were found in
‘‘Physical Examination’’ section were true positive
(Table 4). When we dropped all cases in which search
Table 3
Reported medication errors and type of care providers
Physician Nurse Pharmacy Unknown Total
Wrong drug 6 8 13 10 37 (33.9%)
Wrong dosage/frequency 19 13 7 16 55 (50.5%)
Omission/delayed/fail to stop 2 6 * 8 16 (14.7%)
Wrong procedure * 1 * * 1 (0.9%)
Total 27 (24.8%) 28 (25.7%) 20 (18.3%) 34 (31.2%) 109
Table 4
Predictive value of keyword searching in diﬀerent sections in discharge summary
Keyword Hospital Course
(%)
History of Present
Illness (%)
Physical
examination (%)
Elsewhere
(%)
Average PPV
(%)
aPPV after
dropping
Mistake 18.35 11.89 0 8.87 10.39 12.77
Error 8.54 3.02 0 3.08 3.38 6.06
Inadvertent 33.33 14.63 0 10.0 24.36 24.36
Incorrect 17.48 13.85 0 7.69 12.36 21.95
Iatrogenic 11.1 18.6 0 12.7 13.53 13.53
Total 15.38 8.29 0 6.72 7.38 11.23
aAfter dropping cases in which search terms appeared in physical examination section.
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number of true positive increased by 3.85 (Table 4). For
these 222 medical errors detected in discharge summa-
ries, 138 errors (62.2%) were detected in the section of
‘‘Hospital Course,’’ 53 errors (23.9%) were detected in
the section of ‘‘History of Present Illness,’’ and 31 errors
(14.0%) were detected elsewhere. ‘‘Hospital Course’’ and
‘‘History of Present Illness’’ were the sections where
physicians were most likely to document errors. New
errors (67.4%) were reported in the ‘‘Hospital Course’’
section and 75 percent of old errors were reported in the
‘‘History of Present Illness.’’ Physicians were more likely
to report new errors in the ‘‘Hospital Course’’ section
and old errors in the ‘‘History of Present Illness’’ sec-
tion.4. Discussion
4.1. Implication of our study
Voluntary reporting and mandatory reporting system
play a valuable role in error detection and are in wide-
spread use. However, they were reported to miss most
errors and adverse events, and usually have poor phy-
sician participation. Often in those reports, details are
omitted and the serious outcomes are minimized. A lot
of barriers existing in the current environment are re-
sponsible for inadequate reporting. First, lack of a
common understanding about errors among health care
professionals is one main reason. Most of professionals
still think of errors as individual and as something that
resulted in patient morbidity or mortality. In addition,
both approaches are expensive, labor intensive, anddiﬃcult to sustain. Our study indicates that physician
reported medical errors in medical records, which have
been neglected by most researchers. Physicians who re-
ported may not have had as much concern about pun-
ishment and loss of reputation as those in mandatory
reporting and voluntary reporting. Free-text searching
for these explicitly reported errors helps to collect in-
formation about many near-misses and errors that only
result in minor injuries. In our study we found most new
errors were reported shortly after they happened. They
could provide the ﬁrst-hand information for investigat-
ing the events promptly.
4.2. Sensitivity and predictive value of keyword search to
detect explicit error reports
Medication errors occur in nearly 1 of every 5 doses
given to patients in the typical hospital. Kaushal et al. [17]
reported that the rate of medication errors per 100 ad-
missions was 55 in pediatric inpatients. Using their ﬁgure,
we estimated that the sensitivity of using a keyword
search on explicit error reports to detect medication er-
rors in inpatients is about 0.7%. They also reported the
37.4% of medication errors were caused by wrong dose or
frequency, which is not far away fromour result of 50.5%.
The Harvard Medical Practice Study reported that ad-
verse events occurred in 3.7% of hospitalizations in New
York in 1984, and 69% of these injuries were caused by
errors [8,9]. Using these ﬁgures, we estimate that the
sensitivity of a keyword search on explicit error reports to
detect medical errors is lower than 3.31%, considering the
errors that did not result in injuries were not included.
The positive predictive value (PPV) of keyword searches
varies for diﬀerent search terms, ranging from 3.38 to
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discharge summaries is 8.09%. Compared with the PPV
of 17% that was reported by Jha et al. for their adverse
drug event monitor rules, and the sensitivity of 58% and
PPV of 7.5% that was reported by Honigman and his
colleagues for their combination of computerized
methods for identifying incidents associated with ADE,
keyword searches have very low sensitivity and moderate
positive predictive value. Using more search terms may
increase the sensitivity. However, most of the errors
might never get an explicit report in medical records, so
the low sensitivity is expected.4.3. Wrong laboratory result errors
During our screening, we found more than 250 re-
ported wrong laboratory result errors. Most of them
did not bring serious consequences and were not
counted as errors in our study. However, some did
cause serious consequence, e.g., ‘‘patient was started
tuberculosis medication due to wrong report of posi-
tive AFB.’’ These laboratory result errors are poten-
tially harmful because they may cause incorrect
diagnoses or medications to be given to the patient.
The causes for wrong results can be pre-analytical
(such as sampling from a patient or a mix-up of
specimens), analytical (such as mal-operation of the
devices) or post-analytical (such as a mix-up of patient
data). Wrong results can be derived from the mistakes
made in any of the steps mentioned above. This
demonstrates that error is often the end result of a
complex chain of events. Also, after an error happens,
it is hard to track the cause because of the multiple
steps in the chain. In our study, we found that some
reported wrong lab results were caused by errors which
happened in the pre-analytical phase and most of them
were attributable to organizational problems outside of
the laboratory such as sampling from the wrong pa-
tient and putting samples in the wrong tubes. How to
reduce system failures to prevent laboratory errors
deserves further consideration.4.4. Limitation of our study
Several features of this study could have biased our
ﬁndings. First, our results are speciﬁc to Columbia-
Presbyterian Medical Center. Second, we used only ﬁve
search terms. We may have missed a large number of
explicitly reported errors in medical records that can be
found using other terms. Third, we only screened dis-
charge summaries, signout notes, and outpatient notes.
There are other narrative reports in typical electronic
medical records that were not included in our study.5. Conclusion
Keyword searches combined with manual review
indicated the proportion of medical errors that were
reported in medical records. It had a low sensitivity and
a moderate positive predictive value, which varied by
search term. Physicians were most likely to record er-
rors in the Hospital Course and History of Present Ill-
ness sections of discharge summaries. The reported
errors in medical records covered a broad range, in-
cluding therapeutic-related, diagnostic-related, opera-
tive-related, and service- or administrative-related, and
were related to all kinds of care providers as well as
non-health care professionals. Medication errors were
the most common errors explicitly documented in
medical records.Acknowledgments
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distribution in narrative reports.Appendix A. Principal explicit error reporting terms and distribution in narrative reportsTerm Source Operative
reports
(n¼ 293,400)Pathology
reports
(n¼ 965,100)Resident
Signout
(n¼ 169,300)Outpatient
notes
(n¼ 49,500)
Accident IOM Report [1]
(Glossary)2531 203 58 1480Active error IOM Report [1]
(Glossary)4 2Adverse IOM Report [1]
(Glossary)136 224Adverse drug event Bates et al. [18] 6Adverse drug
reactionAm J Health-Syst
Pharm [19]
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reports
(n¼ 293,400)Pathology
reports
(n¼ 965,100)Resident
Signout
(n¼ 169,300)Outpatient
notes
(n¼ 49,500)
Adverse event IOM Report [1]
(Glossary)9 2 2Adverse medical
eventAdverse outcome 100Allergic reaction Am J Health-Syst
Pharm [19]100 31 6 46Bad outcome IOM Report [1]
(Glossary)1Complication 3.5 pages in index
of ICD9-CM105,220 209 222 1177Diagnostic errorDrug toxicity 1 53 2Error Leape [20] 86 271 52 72Error of comission Leape et al. [13]Error of omission Leape et al. [13]Harm 1658 199 18 512Human error Leape [24]
Iatrogenic Schimmel [12] 144 80 6 5Iatrogenic injury Schimmel [12] 18 1Inadvertent 884 60 6Incident Reason [21] 12,210 844 53 101Injury UMLS [22]
(ICD2001)14,641 1878 157 506Latent error Leape [20]Malpractice Brennan et al. [4]
Medical error UMLS [22]Medication error Am J Health-Syst
Pharm [19]Mishap Leape et al. [13] 14 2 6Mistake Reason [21] 19 31 5 52Negligence Brennan et al. [4] 1Nosocomial 1 7 9 4Operational error Palmer et al. [23]
Operational failure Palmer et al. [23]Poisoning UMLS [22]
(ICD2001)6 2 3 154Potential adverse
drug eventBates et al. [18]Potential adverse
event1Slip Leape [20] 2305 703 49 296
System error Leape [20]System failure Leape [20] 21 1Therapeutic errorTrauma 11,653 1989 578 1389Unexpected 142 62 7 7Untoward 624 10
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